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Introduction
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Ascertaining bacterial levels in samples is among one of the most fundamental 
58
Recent advances in accessibility and affordability of NGS and metagenomics techniques 59 have increased its appeal to scientists that study microbial populations of the GIT because it has 60 provided an ability to measure bacteria beyond only those that could be detected by culture 61 methods and PCR. Metagenomic analysis requires reference-based identification and 62 quantification by aligning the reads However, there are no current standardized approaches for 63 these tools, as our understanding of the microbiome within the gut is at its infancy, especially as 64 scientists try to understand what is or is not biologically relevant [5] . Thus, it is essential to 65 understand variations of the microbiome in response to dietary amendments, additive insertion, 66 litter management, etc. in relation to gut health [6] [7] [8] . Abundance taxonomy does not supply the 67 complete picture required to understand how any treatment impacts the health of the GIT to determine differences and similarities of these methodologies in order to help scientists assess 79 appropriate methods for their research goals while studying microbiota.
80
Materials and Methods
81
Embryo incubation and animal housing 82 Fertile broiler eggs were obtained from a local hatchery and placed in a single-stage 83 incubator (Natureform Inc. Jacksonville, FL) until 18 embryonic days (18ED), then were 84 randomly placed into one of 12 benchtop hatchers (Hova-Bator model 1602N, Savannah, GA, 85 USA), which had been disinfected with 10% bleach prior to use. Up to 30 eggs were placed each 86 hatcher to avoid overcrowding.
87
Immediately post-hatch, 128 chicks were placed into brooder battery cages that had wire 88 floors covered with paper to encourage exposure of chicks to fecal material, and the paper was 89 allowed to disintegrate naturally for the duration of the experiment. Age-appropriate ambient 90 temperature was maintained with 24 hour lighting during the first seven days, followed by one 
Culture Isolation and Enumeration
102
Cecal samples were placed into sterile bags and pulverized with a rubber mallet to 103 expose contents. Samples were then weighed and 0.9% sterile saline added to make a five-fold 104 dilution, after which serial 10-fold dilutions were made for plating on MAC (VWR, Suwanee,
105
GA, USA) and MRS (Difco™ Lactobacilli MRS AGAR VWR, Suwanee, GA, USA). All agar 106 plates were incubated for up to 24 h at 37ºC in an aerobic environment. Enumeration values from 107 each selective medium for each sample were calculated to the original CFU/gram of ceca.
108
DNA Isolation and Library Preparation
109
Ceca for DNA isolation were placed in 1.5mL tubes and flash-frozen in liquid nitrogen at Represented sequences from each OTU were picked and assigned taxonomy and sequences with 132 high identity (> 97%), and were clustered in the same OTU. The sequence coverage was 133 normalized across all samples with a log 10 transformation. Taxonomic assignments were 134 generated using QIIME and R-studio (RStudio, Inc.). Taxonomic affiliations of sequences or 
Results and Discussion
154
The use of culture-independent methods to characterize microbial communities has 155 increased astronomically over the past few years, both due to major advances in NGS and ability than the other or they should be used together. This research study compared culture and NGS 160 methods to elucidate differences and similarities of the methods to allow for better use of these 161 technologies in avian microbiome research.
162
Total reads from binned OTU Enterobacteriaceae and Lactobacillales at three days of OTU counts (5460 ± 1164 ; 282 ± 163, p < 0.0001) and CFU recovery (1.09x10 9 ± 2.42x10 8 ; 173 1.37x10 8 ± 5.57x10 7 , p < 0.001), respectively. Similarly, LAB OTU counts showed a decrease 174 over time from three to 10 days of age (21,128 ± 2262 at three days of age; 6220 ± 817 at 10 175 days of age, p < 0.0001). However, LAB recovery significantly increased in CFU from three to 176 10 days of age (1.18x10 8 ± 1.91x10 7 at three days of age; 1.62x10 9 ± 5.00x10 8 at 10 days of age, 177 p < 0.01). Figure 1 shows the differences seen in relative abundance from three to 10 days of 178 age. The relationship between CFU and OTU did not correlate at three days of age (Fig 1A) . At of the CFU and OTU counts, respectively (Fig 1B) . The CFU/g ceca and total number of reads which Salmonella belongs [24] . For this study, the viable bacteria recovered on MAC ranged 213 from 3.50x10 7 to 8.00x10 9 CFU/g ceca at three days of age (Fig 2A) . Conversely, Enterobacteriaceae OTU number of reads had a distribution of 63 to 41,741 224 total reads at 3 days of age (Fig 2B) . By 10 days of age, Enterobacteriaceae MAC recovery 225 range was 2.50x10 5 to 2.00x10 9 CFU/g ceca (Fig 3A) and number of reads had a range of 0 to 226 6,327 OTU counts (Fig 3B) . The LAB recovery distribution at 3 days of age was 0.00 to 227 5.80x10 8 CFU/g on MRS (Fig 2A) whereas the number of reads from LAB OTU ranged from 228 1,105 -70,087 (Fig 2B) . By 10 days of age, the distribution of LAB recovered on MRS was 229 1.30x10 7 to 1.5x10 10 CFU/g ceca ( Figure 3A ) and the OTU counts had a range of 207 to 21,105
230
( Fig 3B) . The results showed no correlation between total reads and CFU counts for comparison of CFU and OTU data. These figures (Fig 1-5) illustrate the different patterns within 235 the same day and type of bacteria recovered. LABs were different between three and 10 days of age (three days of age: 4.24%, 39.37%; 10 266 days of age: 21.74%, 1.91%, respectively; data not shown). In general, the alpha diversity (i.e.
267
number of species present within a sample) is increased as the animal ages and it is unlikely that 268 culture based recovery will be able to reflect this change since a wide variety of media would be 269 required and viable but non-culturable species would not be detected [14, 20, 26, 27] 
